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Abstract. Most types of multicriteria optimization models and solution methods assume 
-simplest mathematical form for the criteria which are optimized and must also assume 
continuity for the decision variables. In many urban problems (facility location. 
capital budgeting, and production situations with significant fixed costs) these 
assumptions are not satisfied. This report gives practical applications which are 
appropriately modeled by nonlinear (including fixed-charge) objectives and discrete 
variables. Computational results will be presented for randomly generated problems. 
Keywords. Programming-multiple criteria; multiple objective; nonlinear modelling. 
INTRODUCTION 
One effect of the increases in computer speed and 
storage in recent years is a new effort to study 
and solve heretofore "intractable" problems. This , 
report considers progress in modelling nonlinear 
multicriteria locational and capacity decisions to 
identify efficient or preferred solutions--those 
in which improvement in one of the decision 
criteria must be accompanied by degradation in 
another criterion. 
where X is a vector of doubly subscripted 
nonnegative integer decision variables and C is a 
matrix of p linear functions in Xij. 
Appropriateness of Multicriteria Framework 
A recent survey paper (Evans, 1984) has offered 
the comment that in many industrial or public 
policy decisions many stakeholders are involved. 
This seems to be a factor in the increased 
frequency of use of multiobjective mathematical 
programing (MMP) models. In the past fifteen 
years techniques such as linear and nonlinear goal 
programming have become common tools for the 
decision maker. However, just as the 
computational success of the Simplex method for 
linear single-objective models made it tempting to 
force the assumptions of linearity and variable 
continuity, so has computation with linear 
criteria and assumed continuity dominated most 
algorithms for multi-objective mathematical 
programs. We feel that using dynamic progransning 
based algorithms allows us to directly model and 
address locational problems with highly nonlinear 
criteria and integer variables. The output of the 
algorithm is a number of efficient solutions. 
From the set of efficient points the decision 
maker can evaluate obvious tradeoffs among the 
criteria. Hence this algorithm belongs to the 
class of techniques classified as generating 
methods (Revelle, Cohon, Shobrys, 1981). 
THE MMP MODEL 
Next we present a linear MMP model with linear 
constraints and integer variables: 
Max {C(X)) (11 
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This is a fairly flexible model because of the 
ability to explicity model tradeoffs between the p 
linear criteria. One assumption which is not 
commonly noticed when this model is used is the 
implicit one that in maximizing each criterion it 
must be the case that "more is better" for any 
criterion over any range of the variables. This 
assumption may not hold. In a model which 
represents dietary choice, if a criterion 
represents a nutritional element it is rarely the 
case that the more of the element the better. 
We give the following model for a nonlinear 
multiobjective integer variable problem: 
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X 10. integer. (6) 
The above model is a reasonable one for location 
applications in which the variables xij 
to the location or 
correspond 
nonlocation (Xi j-190 
respectively) of facility i of minimum capacity at 
possible location j. Xij > 1 indicates additional 
capacity for facility i sited at location j. 
Some of the constraints have a locational 
interpretation. They are of the form: 
'i 
1 xij 
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where the right hand constant ui represents maximum 
capacity of facility i and xij 2 0 and integer; 
is the number of possible sites for facility i. 
li 
In addition there is often a limit 8 on the total 
capacity summed over all facilities: 
207 
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This model can often have nonlinear cost 
components. In a criterion representing cost the 
following terms represent the cost of siting 
facility i at location j: 
fijyij + SijXij + qijX*ij + rijX3ij (9) 
where fij is the fixed-charge, and sij, qi ., 
rij are scalars, yij=(O,l). and xij is as aefitZ 
previously. 
Other criteria may involve choosing the sites of 
facilities to maximize service to customers. For 
a fire station location problem such a criterion 
might be represented by average response time 
provided by various siting configurations. 
Besides criteria representing cost and service, 
environmental benefit or harm may be a third 
general class of criteria not easily combined with 
the other two. In addition, this type of 
criterion often contains nonlinear elements. 
Additional discussion of criteria may be found in 
Ross and Soland (1980). 
SOLUTION TECHNIQUE 
The solution of the nonlinear multiobjective 
location model involves treating the most 
important criterion as the single nonlinear 
objective of a constrained optimization model with 
other objectives or criteria constrained to be 
within various bounds. This is similar to an 
early parametric approach (Y.Y. Haimes. et. al, 
1975). and it characterizes one of the set of 
efficient points (Soland. 1979). The combination 
of these ideas gives the method the proof that the 
unique global solution to the nonlinear 
characterization 
integer 
problem--a single objective 
problem--will yield an efficient point for the 
multicriteria problem. Different efficient points 
are obtained by the judicious choice of bounds on 
the criteria. The method is more fully detailed 
in Cooper and Farhani;;Ce (1985). The solution 
method used to the problem which 
characterizes an efficient point and uses a 
fathoming technique to eliminate solutions from 
the dynamic programming is called the hypersurface 
search method which is based on dynamic 
programing solution tables. (Cooper, 1980). The 
following table gives computational results (CPU 
seconds) for problems with four criteria and 8 
constraints on the CDC 6600 computer. The table 
lists the total seconds per multicriteria problem 
with the number of efficient points generated. 
Problems were randomly generated with nonlinear 
polynomial criteria of degree 3. 
Table 1 Computational results for 4 Criteria 
Problems. 
Efficient 
Problem Cpu Sec. Points 
: 
1.07 9 
.56 5 
3 
1.74 13 
1.07 8 
Note that the characterization problem has 
difficult features. The objective contains 
nonlinearities, including fixed charges. A global 
solution must be obtained, along with proof of 
uniqueness. Our method has generated 9 such 
points for Problem 1 in 1.07 CPU seconds. 
CONCLUSION 
A computational study has been presented to 
determine a subset of efficient points for a 
multicriteria decision problem in which 
nonlinearities and discrete variables arise 
naturally. At present the method is limited to 
small-scale problems, but its advantage lies in the 
realism of the problems it can 'solve" (in the 
sense of eliminating points which are dominated, 
and suggesting efficient points). Future advances 
may be made both in modelling theory and in the 
design of algorithms for this type of decision 
problem. 
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